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Fossil fuel is still the number one energy resource in China, and among the fossil fuel, coal is the 
primary resource to generate electricity and heat during heating days. Fossil fuel will result in global 
warming, sea level rising, but we may not perceive these because of the relatively subtle changes. 
Nevertheless, China got the punishment from the natural in recent years, most of the mainland China is 
experiencing the terrible smog, which gets worse in the winter. The cause of the smog is same to London, 
a huge amount of coal has been consumed in last few decades. To stop the smog spreading in China, the 
energy resource transformation is imperative. 
Oceans cover almost 70% of the earth’s surface which have a tremendous amount of energy in the 
form of a wave, tidal, ocean current, thermal resources and salinity gradients.1 Ocean energy is one of the 
renewable energy that human ancho’s their hope on, and researchers are seeking approaches to capture 
that energy and convert it to electricity more and more efficiently.  
As buildings consuming about 40% of global energy consumption, the architects need to 
emphasize more on energy saving aspect compare to the past. Dalian has sea area about 29000 square 
kilometers.2 It is reasonable to invest and develop on ocean energy. Among different types of ocean 
energy, tidal energy, which is created by the gravitational forces of the moon and the sun and the rotation 
of the moon, is one of the most predictable efficient and developed ocean energy. The New Dalian Airport 
locates in Jinzhou Bay Area, which provides more opportunities for integrating the tidal power to generate 
energy on site. With the thought of integrating tidal energy, this thesis will develop a proposal for Dalian 
Jinzhou Bay International Airport, which aims at being a sustainable, educational, and Net-Zero airport 





                                                     
1 Mincer, Tracy J., et al. "Widespread and persistent populations of a major new marine actinomycete taxon in ocean 
sediments." Applied and environmental microbiology 68.10 (2002): 5005-5011. 
2 "大连市发布2013年海洋环境状况公报." Soa.gov.cn. N. p., 2017. Web. 26 Dec. 2017. 
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Chapter 1 Introduction 
 
“Sustainability calls for a deep transformation in all aspects of human activity including our worldview, 
our values, our technology, our governance and more. READERS OF RESURGENCE need little convincing that 
establishing the concept of sustainability as the organizing principle on our planet, fostering a well-balanced 
alignment between individuals, society, the economy and the regenerative capacity of the Earth’s life-supporting 
ecosystems, represents a most urgent challenge for our time. It is a challenge unprecedented in scope. It requires a 
fundamental shift in consciousness as well as in action. It calls for a deep transformation, simultaneously, in all 
aspects of human activity including our worldview, our values, our technology, current patterns of consumption, 
production, investment, governance, trade, and more. “  3 
Dalian is currently served by Dalian Zhoushuizi International Airport, which has been expanded 
four times and reached its capacity in 2016.4 Because of the growth of metropolis on the land, the 
government has no choice but to build an artificial island in Jinzhou Bay, Bohai Sea, Northeast of China. 
As advertised, Dalian Jinzhou Bay International Airport will be the largest airport on an artificial island. 
However, as the environmental issue became more and more severe, it is imperative to focus on 
sustainability perspective for an architecture project, especially for a project in such an area that has a 
plenty of opportunities to be sustainable.       
Tidal power is one of the oldest forms of renewable energy; it is a form of hydropower, which 
converts the energy captured from tides into electricity. Compare to the other renewable energy, such as 
solar and wind energy, tidal power is more predictable and efficient, but the cost of the initial investment 
is significant, and the site to develop tidal power energy is limited. However, as a coastal city, Dalian has 
a great opportunity to take advantage of the tidal power energy, additionally, blend tidal power 
infrastructure into an artificial island will not give a significant increase on the initial investment, and 
further, the tidal power will not only benefit the airport, also the surrounding neighborhood.  
This thesis paper will present a design of Dalian Jinzhou Bay International Airport, which aims 
at being a sustainable, educational, and Net-Zero airport that powered by tidal energy on an artificial 
island. The project will approach the Net-Zero energy by “subtraction” and “addition,” in other words, 
“minimizing energy conservation” and “maximizing energy production.”  By optimizing building envelope 
design, utilizing passive design and some other tactics, the project will minimize the energy consumption. 
On the other hand, incorporating the tidal power organically into the airport design will increase the 
                                                     
3 "Defining Sustainability." Insert Name of Site in Italics. N.p., n.d. Web. 21 Dec. 2017 
<http://www.sustainabilitylabs.org/files/Defining%20Sustainability%20-%20Resurgen>. 




interestingness and educational character of the airport. Indeed, it will be the major approach to produce 
energy on the site.  
Typically, the tidal power infrastructure captures the tidal energy by building a massive tide wall. 
A tide pool was placed inside of the sea wall with separated sluice gates and built-in energy-generating 
turbines. When the seawall opens up during high tide, the water will fill the tide pool by passing through 
the open sluice gate and turn the turbine. Meanwhile, at low tide, the seawall will open again to release 
water back into the sea to generate even more electricity. 5 Base on the above methodology but not limited 
to, this project will explore how to incorporate the tidal power plant infrastructure with the airport 
terminal complex and the artificial island master plan.  
The word “sustainability” in architecture conveys comprehensive meanings. With the stool of 
sustainability, its addresses on the environment, economy, and society. The environment and economy 
aspects probably are the first two come to mind think about sustainability. However, the society is the 
most important when we think about long-term. How to blend the sustainability into the design 
organically rather than stack the sustainable building technologies; how to influence people’s conscious 
and change their mind and behavior by design, if the project will create a sustainable community and 
culture is the key to a successful architecture project.  Therefore, this project will not only be aiming to 
be Net-Zero, but also it will explore the design flexibility for the adaptable phasing of future building 
expansion and the ability to respond to future needs, and also explore on improving the educational 
character of a Net-Zero airport, further change the people’s mind and behaviors.  
Airport on an artificial island is not a fresh idea. Also, the tidal power is one the oldest form of 
renewable energy. However, integrating these two concepts together is motivated and neoteric. This 
thesis will conduct researches on both tidal power energy and artificial island airport first and will develop 
a design base on the knowledge I learn from the researched I did.  
  
                                                     
5 Heuss, Valentin, and Helmut Miller. "Tidal power plant and method of operating the same." U.S. Patent No. 
4,421,990. 20 Dec. 1983. 
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Chapter 2 Case Studies & Research 
Before starting the design, it is important to understand what are the components in a regular airport, 
what’s special to build an airport on an artificial island; and also, what is tidal power, how does it generate 
power and what is the advantage and disadvantage of tidal power. Section 2.1 will cover the aspects of tidal 
power, and section 2.2 will research the airport. There will be a summary and conclusion for each section, and 
a design prototype will decide base on the knowledge learned in this chapter. 
2.1 Tidal power  
Tidal power is a form of hydropower that converts the energy captured from tides into electrical or 
mechanical energy by using well-proven technology.  
Cause by the gravitational force from the moon, the ocean bulges out on each side of the earth, and 
because the moon rotates around the earth, the sea water rises and falls which result in high tides. There are 
two high tides and two low tides during each period of rotation of the earth, which means there are two high 
tides and two low tides in 24 hours 50 minutes. When the sun and moon line up with the earth, whether they 
are either on the same or opposite side, high spring tides occur, and when sun and moon line up at 90-degree 
angle to each other, low neap tides occur. Flood current is the rising of the sea water level from low tide to 
high tide; ebb current is sea water falling from high tide to low tide.6 
Base on the research, the advantage, and disadvantage of tidal power have been summarized and shown 
in the following paragraph. 
Advantages:  
● Renewable resource  
● Low operating cost after installation 
● Minimal visual impact 
● No greenhouse gas, emissions or ocean pollutants 
● High energy production  
● Predictable energy 
● Can be used as storm surge barrier, wave barrier   
● Long lifespan 
●  
Disadvantages:  
● Negative impact on marine mammals, birds and fish migration. 
                                                     




● Huge investment 
● Location-specific 
● May restrict access to open water 
● May change tidal level of the surrounding waters 
● Decrease salinity in tidal basins and may disrupt tidal cycles 
● Sedimentation, captured dirt along the tidal power infrastructure 
● Reduce the kinetic energy of the ocean. 
● Large footprint infrastructure may reduce sea usage 
 
2.1.1 Types of Harnessing Tidal Power  
With the sea water level rises and falls, the kinetic energy can be captured and converted into the form 
of the energy we need. Backs to date, old Europeans take advantage of tidal kinetic energy to operate grain 
mills. And nowadays, we harness this movement of water to generate electricity. The following is the research 
about different types of the tidal power plants 
a. Tidal Barrage 
Tidal barrage takes advantage of the potential energy in the water level difference between high 
and low tides.  Tidal barrage consists of turbines, sluice gates, dams, and ship locks, and typically, it is a 
dam-like structure built across an estuary or bay area. There are two types of tidal barrage: single current 
and double current. Single current only produces energy when flood tides.  During flood tides, the sluice 
gate is open, and the tides come into the tidal barrage basin. Since the water level of the large basin 
increases temporarily, the turbine rotates driven by the flowing water. The generator connecting the 
turbine will convert the huge amount of kinetic energy to electricity. 7  And double current system 
generates electricity both during flood tides and ebb tides. Similarly, when ebb tides period, the tidal 
power turbines placed in the dam will be driven by the water flows from inside of the barrage to the open 
sea, which will generate more electricity than the flood tides period. This is because of the effects of gravity 
and secondary filling of the basin from the inland rivers connected to it via the land, which results in the 
amount of kinetic energy contained in the lower level of the basin during the flood period is much less 
than energy amount in the upper level of the basin during the period..5             
An excellent example of the tidal barrage is La Rance Tidal Power Plant, which is the first 
prototype of generating electric power from seizing the power of the tides in estuaries. The capacity of 
Rance Tidal Power Plant is 240MW, which is sufficient to supply 4% of the homes in Brittany. It was the 
                                                     




largest operating commercial tidal facility in the world until the Sihwa Tidal Power Station established 
recently. The La Rance Tidal Power Plant contains 24 reversible 10 MW bulb turbines, operating with a 
hydrostatic head of 5m, which help to produce a net power output of approximately 480 GWh per year. 8 
 
Figure 2.1.1.0 La Rance Tidal Power Plant  Source: "La Rance Tidal Power Plant - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
 
b. Dynamic Tidal Power  
Dynamic tidal power (or DTP) is a promising technology that has not been realized so far. 
Different from the tidal barrage, DTP is at least 30 km dam structure which is perpendicular to the 
coastline and stretching into the ocean, and a barrier parallel to the shoreline is placed at the end of the 
dam that forms into a T shape.  By taking advantage of the interaction between potential and kinetic 
energies in tidal flows, the dam structure is proposed to be built long enough that leading to a significant 
water level difference on each side of the dams in shallow coastal seas area.9  
According to the research, a single dam will accommodate over 8 GW (8,000 MW) of installed 
capacity, and the estimated annual electricity production of each dam is about 23 billion kWh base on the 
30% capacity factor.  This means a single DTP dam could supply 3.4 million Europeans electricity every 
year. Dynamic tidal power is suitable for the most of the conditions in the coastal area since it doesn’t 
demand a very high tidal range difference.8 Additionally, from my perspectives, Dynamic Tidal Power 
gives some possibilities for the future development, for example, offshore wind turbines, the solar panel 
                                                     
8 Frau, Jean Pierre. "Tidal energy: promising projects: La Rance, a successful industrial-scale experiment." IEEE 
Transactions on Energy Conversion 8.3 (1993): 552-558. 
9 Hulsbergen, K., et al. "Dynamic tidal power-A new approach to exploit tides." 2nd International Conference on Ocean 
Energy (ICOE 2008). 2008. 
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can be built on the dam. Additionally, it can be combined with some other functions, such as coastal 
protection against waves, deep sea ports, aquaculture facilities, etc. 
 
Figure 2.1.1.1 Dynamic Tidal Power Diagram Source: "Dynamic Tidal Power Program - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
 
c. Tidal Lagoon  
Similar to the tidal barrage, the tidal lagoon is to construct circular retaining walls to create 
reservoirs, or around basin close to the coastal line. And the tidal power turbines are embedded at the 
location where has highest potential energy production base on the simulation and research. The first and 
the only tidal lagoon in the world is Swansea Bay Tidal lagoon in Wales, United Kingdom. It is a ‘U’ 
shaped reservoir that enclosed by 6 miles retaining wall and installed with 16 tidal turbines at the far end 
of the coastline.9 It generates electricity four times a day on both the incoming and outgoing tides. Seawan 
Lake area has significant tidal range difference which is about 14 meters as usual, which will contribute 
to a large amount of electricity production. Seawater runs through 200 ft. long tubes embedded in the 
structure, rotate the 23ft diameter tidal turbines, and will generate the electricity for 155,000 homes for 
next 120 years.10 
                                                     
10Pollard, D. A. "Opening regimes and salinity characteristics of intermittently opening and permanently open coastal 





Figure 2.1.1.2 Swan Lake Tidal Lagoon Power Station Site Plan Source: "Swansea Lake Lagoon - 
Google Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
 
c. Tidal Stream Generators 
Similar to a wind turbine, Tidal stream generators (or TSGs) make use of the kinetic energy from 
ocean water rotate turbines to generate the electricity. However, water is 784 times denser than air, which 
means the potential kinetic energy from water is much higher than the wind.  To avoiding impact on the 
natural landscape, TSGs can be built into the structure of the existing bridge or be entirely submerged in 
the ocean. Typically, tidal stream generator use blades or vanes as the horizontal turbine, the stream 
currents flowing through the turbine blades or vanes power the generator and produce electricity, and then 
the generated electricity will be transfer to the inland by long underwater electrical cables. 11 
Compare to the large scale of manmade tidal power infrastructures, such as tidal barrage and tidal 
lagoon, TSGs reduces a certain level of environmental impact. However, driven by these tidal currents, 
the blades automatically adjusting towards the prevailing current but convert only a fraction of the 
potential tidal power into electrical energy. Also, With the latest experience of operating TSGs, weed 
growth on the blades, which reduce its efficiency and stability in the ocean, TSGs still have some the 
maintenance and accessibility difficulties to popularize in this field.12 
                                                     
11 Blunden, L. S., and A. S. Bahaj. "Tidal energy resource assessment for tidal stream generators." Proceedings of the 
Institution of Mechanical Engineers, Part A: Journal of Power and Energy 221.2 (2007): 137-146. 
 
12 Elghali, SE Ben, M. E. H. Benbouzid, and Jean Frédéric Charpentier. "Marine tidal current electric power generation 
technology: State of the art and current status." Electric Machines & Drives Conference, 2007. IEMDC'07. IEEE International. Vol. 




Figure 2.1.1.3 Tidal Stream Generator  Source: "Tidal Stream Generator - Google Search." Google.com. N. 
p., 2017. Web. 26 Dec. 2017. 
 
With the above research of tidal power technology, I found each tidal power plant has advantages 
and disadvantages, the large-scale tidal power plant delivers more energy production but has a plenty 
environmental impact. The Dynamic Tidal Power is not restricted to the location compared to tidal 
barrage and tidal lagoon, but it is a long dam-like structure which is hard to incorporate with airport 
design. Tidal Stream Generators has a lower environmental impact but has lower energy production and 
needs more maintenance. To summarize, a tidal lagoon and tidal barrage is the tidal power infrastructure 
I am targeting on.  
 
2.1.2 Tidal Power Plants Improvement 
With the idea of incorporating tidal barrage or tidal lagoon into the airport design, I consider it 
is necessary to study these two types of tidal plant to the next level, to explore that if the tidal power 
infrastructure can be improved and minimize the environmental impact and enhance the energy 
production. The following paragraph will state the findings of my research. 
 
 
Hydrological Changing Double Current-typed Tidal Power Generation 
The hydrological changing double current-typed tidal power generation is a theoretical 
improvement based on Sihwa Tidal Power Plant. Located the Yellow Sea of Korea, completed in 2011, 
Sihwa tidal power plant is the world's largest tidal power plant, which generates 5.5 billion kWh 
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electricity annually.13 Sihwa tidal power plant is a single current type system that produces power only 
during the flood tides: when the water level difference reaches 2 meters, the floodgates will be open in the 
front of the generator and start energy generation, and the energy generation stops before the high tide 
reaches 2 meters.12 After a power generation, when the ebb tides, it is needed to take 4 to 5 hours to 
discharge the sea water and leave the basin empty for next generation. However, the secondary 
environmental damage, such as reduction of basin zone because the floodgates are closed before the water 
level reaches 2 meters after generation. 12 
 
Figure 2.1.1.4  Hydraulic Changing Double Current-Typed Power Generation Source: "HYDROLOGICAL 
CHANGING TIDAL - Google Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
While, by inducing the flow of seawater, the hydrologic changing double current-typed power 
generation is a system that can produce electricity in both directions of ebb and flood tides. And its energy 
production efficiency is twice as much as the single current tidal barrage. This system is designed in a 
way to add two reservoirs and three hydrological structures base on the existing Sihwa tidal power 
barrage. This system helps to change the direction of the seawater after power generation turbines are 
vertically constructive.14 
According to Figure 2.1.1.4, generation starts by opening the number 2 floodgates, when the tide 
comes in, then open the floodgates No. 5 right at the generator and floodgate No. 4 after ensuring the sea 
water level difference is more than two meters in these two reservoirs. After that, it is important to make 
                                                     
13 Bae, Young Ho, Kyeong Ok Kim, and Byung Ho Choi. "Lake Sihwa tidal power plant project." Ocean Engineering 
37.5 (2010): 454-463. 
14 “Hydrological Changing Double Current-Typed Tidal Power Generation, [ Green Energy Revolution].” YouTube, 




sure the water level in the basin reaches the natural water level by opening all the four floodgates (No. 
1,2,3,4) after power generation. At the ebb tides, when the water level difference between the base and 
open reaches 2 meters, the power generation starts by using the similar method during the flood tides. 
And also, it is important to discharge the water to empty the basin by opening all the floodgates. The 
advantage of this system is when the water level is maintained at a natural level of the high tide and low 
tide, the energy production will be maximized through water inflow and outflow. Additionally, it is an 
eco-friendly tidal system, which does not cause environmental damages since the reduction of the 
intertidal zone that caused by the single current tidal barrage. Moreover, compared to the single current 
tidal barrage, the double current tidal power generation system gives two times energy production than 
single current type, which helps for cover recovering after installing.13 
b. Environmental protection 
Field and laboratory did some research on protecting the fish or the marine animal to pass the 
through hydroelectric turbines without injury. There are four main reasons of fish loss: abrupt changes 
in pressure, water turbulence, shearing currents and mechanical contact with turbine blades, which can 
be reduced or improved by turbine design and alterations in turbine operation.15 Pentair Nijhuis has 
produced an independently tested a physical scale tidal power turbine model, named as Bi-Directional 
Turbine. It is a high efficient tidal power turbine with efficiency over 85%, and it designed fish-friendly 
design that allows fish to pass the turbine unscathed and improves fish migration. 16  This is only the 
countermeasure to protect the marine animal, to some extent, it is inevitable that tidal power plant will 
impact the marine ecology. However, among different kinds renewable energy, the tidal power plant has 
the relative lower environmental impacts. 
 
                                                     
15 Davies, J. K. "A review of information relating to fish passage through turbines: implications to tidal power schemes." 
Journal of Fish Biology 33.sA (1988): 111-126. 




Figure 2.1.1.5 Bi-Directional Turbine Source: "Bi-Directional Turbine - Google Search." Google.com. N. p., 
2017. Web. 26 Dec. 2017. 
 
2.2 Case Studies of Airports  
2.2.1 Existing Artificial Island Airport (Offshore Airport) Design 
 
a. Kansai International Airport  
To avoid the noise pollution, and land acquisition dispute, Kansai International Airport was 
Constructed 5km off the coast of Senshu in Japan. The first artificial island construction began in 1987, 
and it was used starting from 1994. The second artificial island construction began in 1999 and started to 
operate since 2007. These two artificial islands used 2 million vertical sand drains and 400 million cubic 
meters of reclamation filling material. 
 
Figure 2.2.1.0 Kansai International Airport  Source: "Kansai International Airport - Google Search." Google.com. 
N. p., 2017. Web. 26 Dec. 2017. 
 
 The primary structural system in the main terminal uses warren based, triangular three-
dimensional trusses, which are following the curvilinear roof located above, to reduce the risk of 
earthquake, the. Each of the truss spans 82.8 meters, and the distance between two adjacent trusses are 
14.4 meters, the cross bracing is a secondary structure to provide more stability which helps absorb any 
lateral forces. Additionally, With the consideration of sea level rises, seawall erosion by the waves, the 
artificial island reclamation elevation is designed 4 meters above the Chart Datum Level*. 17 And also, the 
                                                     




lifting jack system was installed with the sensor in the structure system; the column will lift up the 
terminal building if there is a settlement that sensors detected. However, even with all these efforts, the 
artificial island is experiencing the settlement, till 2012 the average seabed settlement has already 
exceeded 12.9m. With the speed of trending, these two artificial islands will disappear in the ocean by 
2067.  However, even the settlement is inevitable, Kansai airport is still a monument design, which solved 
a plenty of problem before the design, during and after construction.  
 
b. Hong Kong International Airport, China 
Located on the island of Chek Lap Kok, Hong Kong International Airport, which is an airport on 
reclaimed nation offshore, is an important regional traffic hub, transshipment center, and gateway for 
destinations in Mainland China. Different from the Kansai International airport, this project uses a 
different method to fill land in the ocean. The drill bits insert the construction drill pipe into the sea floor 
at a depth of 20 to 40 meters and then inject the grout and mix with the slime in the seafloor, which can 
reinforce the slime into a rigid concrete column. Concrete columns consolidate the mud and stabilize the 
seawall, which makes the seawall 50 to 200 times harder than the original sea floor.  
 
Figure 2.2.1.1 Hongkong International Airport   Source: "Hong Kong International Airport - 
Google Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
c. Maldives International Airport 
The Maldives has expanded the airport because of the Tourism economy and the passenger's 
increase. The project starts from dredging 5.5 million cubic meters of sand, and then, with the runway 
                                                     
•  A chart datum is the level of water that charted depths displayed on a nautical chart are measured from. A chart 
datum is generally a tidal datum; that is, a datum derived from some phase of the tide. Common chart datums are 
lowest astronomical tide and mean lower low water. 
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extension, the terminal and cargo area established, the reclamation has been completed in May. 5 
kilometer of sheet piles and 1 km of rock revetment will be installed to protect the reclamation.  
 
Figure 2.2.1.2 Maldives International Airport  Source: "Maldives International Airport - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
To upgrade the airport facility, a special runway for A380 aircraft, along with an apron, associated 
navigation, and aerial ground lighting systems; new fuel depot, new terminal building, cargo, and seaplane 
terminal will be designed, and the existing infrastructure will be renovated. When the project complete, 
this airport can handle the world's largest passenger aircraft, Airbus A380 to land at the airport and will 
give it an annual capacity of 7.5 million passengers.18 
Summary:  
According to the research above, an offshore airport is a complex system comprising not only a 
conventional airport system but also need to handle the unusual access and environmental constraints. It 
involves only the aviation requirements but also whole aspects of environmental, access, planning, 
construction, operations and other factors.   
                                                     





2.2.2 Recent Airport Design 
Before starting the design process, I would like to explore the recent airport design, to understand 
what is the successful tactics to design a contemporary airport, and also to find what is the trending of 
the airport design.  
 
a. Beijing New Airport Terminal Building in Daxing  
Design by Zaha Hadid Architects, the terminal of Beijing Airport International Airport, is 
proposed to become the largest aviation hub in the world. With the footprint of 313,000 square meters, 
this significant structure presents a snowflake shape stretching out from a central core. Each wing of the 
snowflake conveys the images of Chinese culture, including "silk, tea, porcelain, farmlands, and Chinese 
gardens."19 
 
Figure 2.2.1.3 Beijing Daxing International Airport  Source: "Beijing Daxing International Airport - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
 The largest conventional international airports have an inevitable problem that is the long 
commute distance, especially for the passenger departure from the remote boarding gate. However, in 
this design, the distance from the far-end of each wing to the center of the terminal will be less than 600 
meters will significantly reduce passenger travel distance.  
 
b. Taiwan Taoyuan Airport  
                                                     
19 Shuang Han. "See the Structural Skeleton of Zaha Hadid Architects' New Airport Terminal in Beijing" [北京新机
场航站楼钢结构封顶，已见“雪花”雏形] 24 Jul 2017. ArchDaily. Accessed 9 Dec 2017.  
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UNstudio released their design of Taiwan Taoyuan International Airport Terminal 3, which 
received the second place. To propose a new standard for sustainable and efficient vast infrastructure, 
UNstudio team attempted to challenge the widely used utilitarian approach to airport design. By taking 
the passengers’ travel experience as a starting point of design, the design team was trying to distinguish 
their design by creating an interior ecology distinct from appearance and experience of comparable 
airports. Similar to Beijing Daxing International airport, the terminal also utilized asymmetrical and 
radiant shape, which shorten the walking distances and optimized airport functions following the 
principles of natural wayfinding. Additionally, the terminal has a small footprint, which can be assembled 
in a short period by prefabrication strategy. 20 
 
Figure 2.2.1.4 Taiwan Taoyuan International Airport Exterior Source: "Taiwan Taoyuan International Airport 
Exterior - Google Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
  
Figure 2.2.1.5 Taiwan Taoyuan International Airport Interior  Source: "Taiwan Taoyuan International Airport 
Exterior - Google Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
                                                     
20 Eric Oh. "UNStudio Proposes User-Centric Design for the Taiwan Taoyuan International Airport" 04 Nov 2015. 
ArchDaily. Accessed 9 Dec 2017.  
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In this design, according to the program of each zone, the daylight, humidity, temperature, and 
ventilation defined the different microclimates in each zone in the terminal. And Integrated with the 
vegetation, media, art and Taiwanese culture each zone presents its unique aesthetics and atmosphere. 
This design finds a way to conflates functionality, atmosphere and flexibility together in an airport 
terminal design. 20 
e. Sichuan Tianfu International Airport  
Located in Jianyang, Sichuan, China, Chengdu Tianfu International Airport, which is about 50 
kilometers from downtown of the capital city Chengdu, will present a configuration of the totem of Sun 
Bird. The concept comes from the Jinsha Sun Bird legend, the north and south terminal give the 
shape of four abstract bird flying around the sun.21 
 
Figure 2.2.1.6 Sichuan Tianfu International Airport Source: "Sichuan Tianfu International Airport - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
 
                                                     





Figure 2.2.1.7 Jinsha Sun Bird Totem Source: "太阳神鸟的搜索结果_百度图片搜索." Image.baidu.com. N. 
p., 2017. Web. 26 Dec. 2017. 
 
Compare to the last generation of airport design, the most prominent feature of the Chengdu 
Tianfu International Airport is the "unitary" terminal design. Similar to Similar to Beijing Daxing 
International Airport and Taiwan Taoyuan International Airport, six units joint together and create a 
radiant and symmetrical shape which will reduce the passenger travel distance and present a natural way-
finding airport terminal.21 
Additionally, it is worthy to mention the baggage arrange the system in this new design.  
Compare to the traditional baggage system; the new airport will use an intelligent system called as Radio-
Frequency Identification (RFID). The baggage will be arranged automatically to the next destination by 
this identification system on the baggage conveyor. With this system used in the airport, the barrage 
arrangement time will be reduced, the passengers will get their luggage right away without waiting at 
the baggage convey area, and also, the chance of missing baggage and wrong designated baggage will be 
reduced or eliminated.21 
d. Jewel Changi Airport  
With the goal of to be the best airport in the world, Jewel Changi International Airport of 
Singorape is always targeting on improve the passenger experience in the airport. Recently, a new design 
of a lounge garden in Jewel Changi Airport has been released.  A new glass spherical structure, “jeweled” 
bio-dome will be seen as a “new paradigm” for international airports; this will boost Singapore's appeal 
and become a “lifestyle destination” for both tourists and residents.  
 
Figure 2.2.1.8 Changi Airport “Jeweled” Bio-dome Exterior Source: "Changi Airport “Jeweled” - Google 




The goal of this structure is to bring the duality of a vibrant commercial together and to create 
an urban park that provides the users singular experience. Combined with the experience of nature, 
culture, education, and recreation, this biodome is aiming at providing an uplifting experience. As the 
project architect Moshe Safdie said, “This project redefines and reinvents what airports are all about.” 
This bio-dome will include 1.4 million square feet of retail, hotel, restaurant and entertainment space. 
People will find a variety of different unique entertainment areas and component, such as Forest Valley, 
which is the walking railway connecting multi-level blending in the garden and bushes. The Rain Vortex 
is a 40-meter-tall  indoor waterfall supplied by recycled rainwater that cascades from the dome’s oculus 
and the “Canopy Park” located on roof garden are also playing a role as supporting structure dome with 
tree-like structural columns. 22 
 
Figure 2.2.1.9 Changi Airport “Jeweled” Bio-dome Interior Source: "Changi Airport “Jeweled” - Google 
Search." Google.com. N. p., 2017. Web. 26 Dec. 2017. 
 
Summary & Findings 
●  Symmetrical and radiant shape 
The shape of the terminal building mass is critical which impacts the building energy 
consumption and building performance. Meanwhile, it influences the passengers’ experience. Base on the 
research of the recent design airport designs, it is obvious that the symmetric radiant shape is the trend 
of the airport design. The designer and the architects found that the symmetrical radiant shape is not only 
reducing the passenger travel distance from the security line to the gate, but the unitary wings of the 
radiant shape also deliver a natural wayfinding and help the users understand the big building quickly. 
                                                     
22 Karissa Rosenfield. "Safdie Architects Design Glass "Air Hub" for Singapore Changi Airport" 05 Dec 2014. 
ArchDaily. Accessed 9 Dec 2017. <https://www.archdaily.com/575693/safdie-architects-design-glass-air-hub-for-singapore-





And also, theoretically, the symmetrical shape benefits the building management, which will improve the 
building performance and increase the terminal building operation efficiency, further reduce the energy 
consumption.  
●  Enhance users’ experience  
The building is serving people, as a gate of a city, airport terminal design emphasizes even more 
on this perspective. With the typical sizeable open space and a vast amount of glazing, most of the airport 
terminals present comfort and unique environment for the users. Moreover, the airport terminal designers 
and architects intend to provide more energetic and singular building experience to users, some 
conceptual and impossible design in the past are going to realize in the future. Airport can play a role as 
urban park, educational center or other rather than aviation facilities,   
●  Promote the city culture and personality 
As an icon and a gate of a city, an airport should be established with a meaningful concept that 
represents the culture and the character of the town. And with the concept of the terminal, the big idea, 
or the theme of the design should be continuous and reinforced throughout the terminal building. In my 
opinion, the concept is a name card of the design, and the theme is the soul of the project.  
●  Technology application 
The airport terminal is the window to display and exhibit the state of art technology no matter 
from the building construction aspects or the others. Over the past decade, airlines accelerated the self-
service check-in system which releases the pressure on the counter check-in and increases the efficiency 
of the landside operations. Similarly, when the RFID is utilized to arrange the baggage, the efficiency of 
the landside operation will be improved to another level. The passenger will get more and more benefit 
from the technology application in the airport terminal, and with the technology development, there will 
be more interaction between the users and building. 
●  Inner Model Connection 
Nowadays, airport cam became a hub of transportation. The connection between different types 
of transportation is getting seamless; the passenger could transit from air transportation to ground 
transportation, like subway and train in short time. 
●  Airport City 
Estimated that, about 30,000 people will be employed either directly or indirectly at the airport if 
an airport established.23 Which means, the airport will encourage the surrounding to develop, no matter 
                                                     
23 5 Trends Impacting Airport Design 




retail services, hotels, hospitality services, cargo facilities, even office buildings can be established around 




2.3 Composition of the airport  
An airport is a location where aircraft, helicopters take off and land, and it is also a facility that 
can store and maintain aircraft. An airport consists of at least one runway aircraft to take off and land, 
and usually includes control towers, hangars, and terminals.  
As shown in the Figure 2.3.1, a significant airport is divided into landside and airside. From the 
figure, the landside is defined as how passengers arrive or depart the airport terminal building and 
circulate in terminal building to board the airplanes, and the airside is where of the aircraft make 
movements on the airports surface. However, to differentiate them specifically, airside is the area beyond 
security, which means the area that is only open to staff and passengers holding valid boarding pass. The 
landside area is before the security, which is accessible to the general public.24 The landside in a large 
airport often includes airport terminal, access roads, parking lots, fuel tank farms. Airside areas include 
runways, taxiways, apron, aircraft stand, control tower, ramps, and hanger. 
 
Figure 2.3.0 Components of the airport system for a large airport   Source: Airport Design and Operation 
                                                     




2.3.1 Airport Components and configuration 
Airside: runway, taxiways, apron, ramps, aircraft stand, hanger, control tower 
●  The runway is the area where an aircraft lands or takes off. It can be built with grass, packed or 
a hard surface such as asphalt or concrete. Runways have distinctive white markings, which help 
a pilot in the air to recognize the runway easily also guide them to land or take off.  
 
Figure 2.3.1.0 Airport Runway   Source: Wikipedia 
 
Figure 2.3.1.1 Airport Runway Detail   Source: Wikipedia 
●  The taxiway is the path connecting runways with the terminal, ramps, hangars, and other 
facilities. The taxiway is usually built by asphalt or concrete; some smaller airports sometimes 
use gravel or grass.  
 
 
Figure 2.3.1.2 Airport Taxiway and Runway Relationship Source: "Taxiway - Google Search." Google.com. N. p., 





●  The apron is the area designated where aircraft parked, but it includes aircraft parking, 
maintenance, and service sectors. It varies in size that may hold five or ten small planes; it is a 
major component in airside. Different from runways and taxiways, vehicles can use aprons.  
●  Aircraft Stand is a part of apron intended to use as aircraft parking.  
●  Control tower is aviation control center which can be observed physically and detected by radar.  




Landside: terminal, parking, public transportation, access road 
● The terminal is the buildings where passengers board or alight from flights. It is equipped with 
facilities including check-in Counter, security, departure lobby, arrival lobby, transfer area, 
lounges, gates, custom, passport control, baggage claim, commercials, curbside, waiting area, 
circulation, mechanical room, offices and airport internal-use facilities. 
● Parking is an area in an airport where vehicles parked; parking should be divided into public 
parking and airport internal use parking. 
● Public transportation is shared passenger-transport service in the airport which is available for 
use by the general public. Such as taxicab, subway, buses, etc. 
● The access road is the path to connect the airport to the city; the access road should be extended 




Figure 2.3.1.3 General Airport Master Plan Configuration Source: Robert Aehnelt   User, Super. 




Chapter 3 Programming 
 
With all above case studies, understandings and findings of tidal power plants and airports, a 
project programming shown as following, which will guide the project design throughout from the 
beginning to the end.  
3.1 Mission 
Different from the conventional airport project, Dalian Jinzhou Bay International Airport is 
aiming at providing a Net-Zero energy aviation facility by integrating tidal power into the airport master 
plan. It is also targeting on presenting an airport that playing a role more than an aviation facility, but 
also an urban park, an educational center of sustainability that cultivates the users or the passengers to 
change minds and behaviors and get them involved in the sustainability.  
3.2 Goals 
1. Maximize the energy production on site 
2. Minimize airport energy consumptions  
3. Provide innovative user’s experience and comfortable environment  
4. Meet the demands of capacity increase in the future  
3.3 Objectives 
1. Incorporate Tidal power into airport design, from the master plan to terminal building design. 
Utilize other energy production technology to as the secondary energy supply. 
2. Provide comprehensive, high-performance building envelope, apply passive design to conserve 
energy. Specify efficient HVAC and lighting system. Optimize the building management system.  
3. Integrate tidal power energy and building technologies, meanwhile introduce these technologies 
to users, educate people and influence people.  





Chapter 4 Site Analysis  
 
4.1 Overview of Dalian  
Located on the east coast of Eurasia, the southernmost of Liaodong Peninsula in Northeast China, 
Dalian, is surrounded by the Bohai Sea on the northwest side and the Yellow Sea on Southeast side. Dalian 
is a significant portal open to Northeast Asia; it serves the roles as an international shipping center, 
international logistics center, and regional financial center of Northeast China.25 
        
Figure 4.1.0   Liaoning Province Location                                Figure 4.1.1 Map of City of Dalian 
 
4.1.1 Brief History of Dalian  
Dalian has about 6000 years history, from 1899, it began to call Dalian. The area was plunged 
into warfare after the Opium War in 1840. At the end of the 1800s, Russian and Japanese invade on the 
Chinese mainland start from here. Dalian experience two major wars and this city has been Japan colonial 
for about 50 years. Dalian saw most of the Chinese modern history, and heritage a plenty of western 
classical buildings in this town.26  
                                                     
25 "Wikivisually.Com." Wikivisually.com. N. p., 2017. Web. 10 Dec. 2017. 






4.1.2 City Culture of Dalian 
               
Figure 4.1.1.0 Dalian Labor Park Source: China Daily         Figure 4.1.1.1   Dalian Zhongshan Square   Source: China Daily 
In 1897, influenced by France culture, a group of Russian architects mimicked the urban planning 
of Paris and created a variety of beautiful squares with elegant sculptures, lawns, and European style 
fountains in the City of Dalian, which established the essential urban planning of the present city.  
In the middle of the ninth Century, a vast amount of population from Shandong Province 
immigrated to Dalian because of the famine in inland China. The population increased three times during 
that period. The immigrants brought their culture, the information, the receipt to this coastal city. Dalian 
is a compatible city that absorbs all kinds of good things and develops into its own culture. Indeed, the 
immigrants poured their braveness, grittiness and their vitality to this city. 
Dalian was famous for soccer, by November 24, 2002, Dalian football team get seven champions 
of China Professional Soccer League in nine years. Even though Dalian Soccer Team is not glorious as 
before, Dalian citizens still love and enjoy this sport as if they born with passion and energy. 
What’s more, Dalian is the most significant porter city in northeast China; it plays a role as a 
shipping center in northeast Asia, its main industries include machine manufacturing, petrochemical and 
oil refining, and IT industry. These industrial contributes a significant amount of economic growth in 
China, in 2009, Dalian was ranking eighth among Chinese cities concerning overall strength.  
Dalian is an energetic, romantic, and diversified city, so-called “the window of the Northeast 
China” “Pearl of North China” “Romantic Capital.” Dalian is always making an effort to be a better modern 
city, and it brings people surprise to the people to the world. 
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4.1.3 Urban Planning of Dalian 
From the city planning 2010 to 2020, Dalian plans to develop into a larger city. According to the 
figure 4.1.1.2, “Three centers combined by two belts” is the strategy to approach the goal of Megacity of 
Dalian.  
 
Figure 4.1.1.2 Urban Planning Strategy 2010-2020  
There are four districts in the center city of Dalian, which focus on providing functions of the 
contemporary urban service in this megacity. Town of Lushun on the south side of the center city is 
developing into a center of IT technology, international commercial center, and innovative industry. 
Jinzhou New District on the north side of the center city will play a role as free trade zone and high-tech 
industrial center. The Yellow Sea coastal area is focusing on the marine product industry, tourism 
industry. And the Bohai Sea area will reinforce its role as shipping building center, petrifaction, and sea 
shipping center. Additionally, to promote the rapid development of the new airport area, Jinzhou Bay area 
will develop into an ecotype international business center that consists commercial, business, finance, 
hotels, living, entertainment and tourism. 
 
4.2 Climate of Dalian 
Location: Liaoning China 
Coordination: 38.91°N 121.6°E 
Surrounded by the Yellow Sea and the Bohai Sea, Dalian is located at the southern end of the 
Liaodong Peninsula in northeastern China. Influenced by the monsoon, Dalian has a relative humid 
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continental climate with some ocean climate features. The weather is comfortable with four distinct 
seasons; the summer is not too hot, winter is not extreme cold. The year-round average temperature 
ranges from 8 ℃ to 11 ℃ (46℉ to 52 ℉). 27 
 
Figure 4.2.0  Average Temperature and Precipitation  Source: Meteoblue 
The warm southeast ocean winds bring the spring to the city, which usually begins in late March 
or early April. Summer period starts from May and lasts until mid-September, which is the most pleasant 
season of Dalian. In hottest August, thousands of people come to the southern seashore to enjoy the 
refreshing sea water. In late September, fall begins the temperature drops down gradually. From late 
November, the cold northwest winds become stronger and dominate the city till the following February. 
Influenced by the northwest wind, people feeling temperature is even colder than the weather forecast 
temperature. The average yearly precipitation is from 550 to 1000 millimeter, most of the rainfalls 
happened the summer period. 28 
                                                     
27 中国气象局 国家气象信息中心 [National Meteorological Information Center of China Meteorological 
Administration] (in Chinese). China Meteorological Administration. Archived from the original on 18 March 2013. Retrieved 19 
November 2009. 





Figure 4.2.1  Dalian Wind Rose  Source: Meteoblue 
From the wind rose, known that Dalian has the northwest wind in winter and southeast wind in 
summer. An approach commonly used in determining the runway orientation is called the wind rose 
method. The method uses wind rose template to arrange velocity direction and frequency of wind 
occurrences within a specified period. 29To avoid the crosswind which results in the unsafety landing or 
takes off, usually, the runway following the direction of the prevailing wind of the area. 
4.3 Site Selection and Current Design    
The new Dalian Jinzhou Bay airport is 25 kilometers away from the city center; 18 kilometers 
away from the current Zhoushuizi Airport, and 12 kilometers away from Dalian North Station Railway 
Station. The new airport will be built on an artificial island, in Jinzhou Bay, Bohai Sea.30   
                                                     
29 Nadeem. "Runway Orientation." Slideshare.net. N. p., 2013. Web. 10 Dec. 2017. 
 





Figure 4.3.0 Proposed Site Location  
The land reclamation began in 2012 and completed in 2017, which can be seen from the google 
earth right now.  With a total area of 20.87 square kilometers, the artificial island north-south length is 
6.243 km, and the east-west width is 3.5 km (Figure 4.3.1).30 The current design uses the concept of 3-
starfish combining (Figure 4.3.2). A 200,000-square meter terminal will be built in phase 1, which can 
handle the 20 million passengers annually. In phase 2, there will be an additional 200,000 square meter 
terminal and another pair of runways which can handle 70 million passengers annually when fully 
completed.29 The new airport will have the ability to provide service for the world’s largest aircraft Airbus 
A380, handle 70 million passengers and 65,000 tons cargo per year when complete.31  
                                                     




Figure 4.3.1 Dalian Jinzhou Bay Airport Configuration 
 
Figure 4.3.2 Jinzhou Bay Airport Site Plan       Source: Wedalian             Figure 4.3.3 Jinzhou Bay Airport Rendering      Source Wedalian 
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4.4 Transportation Analysis 
 
 
Figure 4.4.0 Dalian Current Transportation Condition 
Roadway  
Dalian has three major highway: Shenda Highway, Tuyang Highway, Danda Highway, which 
create Y shape. They go through the city and connect the Liaodong Peninsula with inland, which is an 
essential part of the National Highway network. Two minor longtime highway and three transverse 
highway combine the three major highways. According to the city planning, there will be a tunnel 
connecting Lushun (Liaoning Province) and Penglai (Shandong Province), which means Dalian is not a 
dead end on the peninsula anymore, the road network will reinforce Dalian's role of a shipping center in 
northeast Asia.  
It is proposing to build an airport expressway connecting Dalian highway system to Jinzhou 
District directly. And an additional roadway will be extended to the new airport cross the sea.  
Railway 
In Figure 4.4.0, one main railway comes from the north inland and runs through Liaodong 
peninsula and stops at Lushun Porter; the railway branches are reaching to port that helping the cargo 
transit between sea shipping and railway shipping. As the tunnel from Lushun to Penglai will be built, 




The first subway M1 line opened in 2015, but subway system almost covers the whole city right 
now. According to the urban transportation planning of the City of Dalian, the metropolitan subway will 
present a network that consists 12 urban lines, ten city lines, and one branch lines, in a total length of 908 
km.30 With the estimation, in 2020, the public transportation rate will increase to 40% of the total traffic 
volume, and subway will take 30% in the public transportation.32 
Dalian 2014 to 2020 Subway planning (Figure 4.4.1) includes M4 line, M5 line, M7 line, the north 
extension of M1 line (airport line), R1 line.30 Additionally, for the suburban, Jinzhou New District to the 
Puwan New District line, Jinpu intercity railway extension line and 202 rail line extension line will be 
built. The total length of the line is about 200 kilometers.30 
 
Figure 4.4.1 Dalian Subway Planning 
Line M1 will be extended to Dalian Jinzhou Bay International Airport. Starting from the existing 
M1 Terminal YaoJia Station, the total extension will be 15 kilometers. Airport line will come across M5 
line at Houguan Intersection and shares the rest of path until new airport station.  
                                                     
32 "大连轨道交通_百度百科." Baike.baidu.com. N. p., 2017. Web. 11 Dec. 2017. 
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Chapter 5 Airport Master Plan 
 
5.1 Capacity Analysis and Estimation 
According to statistics (figure 5.1.0), in 2025, the passenger traffic volume of the Dalian Airport 
will reach 38 million passengers per year; in 2045, the annual passenger transport volume will reach 58 
million passengers. The number of aircraft takeoff and landing during the peak hour is the standards to 
measure airport capacity. Whether the airport can achieve the maximum theoretical capacity is affected 
by many factors, such as operations, and infrastructure, etc. According to the International Air 
Transport Association (IATA) method, the capacity of the four parallel runways allows 168 aircrafts to 
take off or land in an hour, which equals to 708000 aircrafts per year. And, the average departing flight's 
attendance is 80%, which means four parallel runways can serve about 91,800,000 passengers per 
year.33Therefore, four runways can meet both short-term and long-term peak hours and the annual 
passenger capacity demand.  
 
 
Figure 5.1.0 Average Annual Passenger Volume Estimation Source: Travel Sky 
 
5.2. Airport Traffic Flow  
Base on the research of the urban planning, Figure 5.2.0 shows the analysis of passenger volume 
from each direction of the new airport. Dalian center city will still contribute the majority passenger 
volume. As the traffic hub of Northeast China, the passenger from northeast of China will be the second 
passenger source of the new airport. And also, some passengers are coming from Lushun and Jinzhou 
District. In the future, as the new airport operation became more and more mature, additionally, the tunnel 
                                                     
33 Brzezinski, Z., and P. Sullivan. "International Air Transport Association (IATA)." The Statesman's yearbook: the politics, 
cultures and economies of the world: 2008 144 (2007): 48. 
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connecting Lushun and Penglai will be established, then the number of the passenger from northeast and 
southwest of the new airport will increase. One crucial reason for locating the new airport in Jinzhou Bay 
area is releasing the traffic pressure in the center city. Meanwhile, the new site encourages Dalian to be 
into more extensive and diversified city.  
 
Figure 5.2.0  Airport Traffic Flow Volume 
Base on passenger volume analysis above and the transportation analysis in Chapter 4, 
considering the goal of integrating tidal barrage into the airport design, an initial new airport traffic flow 
design is defined as following shown as Figure 5.2.1. 
With the anticipation of utilizing public transportation, the majority of the passengers from the 
center city will take the subway to the new airport. Guided by 2014 to 2020 subway planning, similar to 
the current airport planning, M1 subway line will be extended from the Houguan Station to the new 
artificial island.  The subway infrastructure will be built perpendicular to the coastline under the sea. For 
the roadway, Connecting Shenhai Highway and Bohai Avenue on each side of the artificial island, a new 
route will be built across the Jinzhou Bay, which creates a significant basin for the tidal power barrage. 
This also helps the passengers from the southwest and northeast to reach the new airport directly without 
detour. In term of the railway, it will follow the roadway infrastructure that also runs through the Jinzhou 




Figure 5.2.1 Initial Airport Traffic Flow Design 
5.3 Tidal Power Plant Master Plan 
One of the goals of the project is to incorporate the tidal power plant into the artificial island. As 
a building user and designer, I would like to see the tidal power turbines running in the airport terminal, 
instead of anywhere that not relating to me. Therefore, from the esthetic point, how to blend the tidal 
power plant into airport design organically is the question.  I approached the tidal power plant master 
plan by three steps. First, find out the what’s necessary elements and the elements configuration in the 
master plan; Second, develop several schemes by sketches. Third, make the comparison of the sketch 
schemes to see which is one works best.  
Step 1: Find out tidal power barrage element 
This project will apply the Hydrological Change Double Current-Type System as the tidal power 
plant. Briefly, this system consists two reservoirs, four floodgates, one tidal power generator. And the 
followings are the elements that can be seen in the master plan.  
●  Seawall enclosed the bay area  
●  1 big basin 
●  2 small reservoirs in the big basin 
●  4 floodgates 
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●  1 tidal power generator (turbines)  
Step 2: Option Sketches 
This step is one of the most time-consuming parts of this project. With the philosophy of form 
follows contents, the tidal power barrage configuration needs to work with the airport components 
including the runways, taxiway, terminal. Additionally, it should take the transportation access into 
account. I have explored tons of ideas of different artificial shape, from rectangular to the organically 
curved shape, to see which form gives more opportunities and flexibilities for the later on design. And 
also, I have tried to transform all those tidal power barrage elements in a different configuration, to see 
which benefits the airport elements better. Meanwhile, I keep an eye on the aesthetic aspect to see which 
blends with the artificial island organically. Last but not the least, the consideration of economic and 
environmental keep this project feasible. 
 








Sept 3: Comparison and Decision  
With all above explorations, I found that the following scheme shown in Figure 5.3.2, can be used 
as the basis of design, which is not very intuitive nor utility. And, the form mostly follows the airport 
components and the tidal barrage elements. In the following paragraph, I will explain this matter in detail.  
Firstly, shown in orange, there will be a seawall that closes bay area and creates a big basin next 
to the coast. The ground transportation access will utilize the sea wall as the infrastructure to connect 
the seashores on each side of Jinzhou Bay. The goal is to integrate a tidal power barrage into the artificial 
island. Therefore, the artificial island should be inside of the big basin.  
Secondly, after placing the artificial island into the basin, there are opportunities to put the two 
reservoirs in the site plan, such as the space between taxiway and runways, and the room between the 
taxiway and rest of the artificial island.  However, since the taxiway way and runway must be attached, 
the two reservoirs can be placed in the middle of the artificial island that separates the runway and taxiway 
from the rest of the artificial island.   
Then, with two reservoirs has been defined, shown in white dots, four tidal floodgates cannot be 
placed on each side of the reservoir and between taxiway and runway. However, with the minimum 
floodgate length of 100 meters, there will be the bridge connecting the artificial island with the runway 
and taxiway.  
The last element of the tidal power barrage is the tidal power generator between two reservoirs 
and perpendicular to the sea wall. Theoretically, it can be placed anywhere between two reservoirs. 
Whereas the goal of blending the tidal barrage into the airport terminal, I remain this opportunity for the 
later on design, I would like to explore if there is a possibility can take the core of the tidal power barrage 
into the airport terminal design and create an educational point for the building users.  
 
Figure 5.3.2      Initial Master Plan Scheme 
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5.4 Airport Land Division 
By using the wind rose method, runway orientation has been defined into northwest-southeast 
direction, which is same to the current new airport design. Since the runway usually dominates the 
configuration of the airport master plan, I have a similar artificial island occupation to the existing design, 
which will be a 5.63 km long and 3.71 km wide rectangle with the total area of 20.93 km2. To response 
the future capacity of the airport, two 3600-meter parallel runways will be built 2200 meters away from 
each other on the long edges of the artificial island. Two corresponding taxiways are located along the 
inner side of the runways, and the area between two taxiways which shows in blue in Figure 5.4.0 is 9.97 
km2. (Figure 5.4.1)  
 
Figure 5.4.0  Airport Land Initial Land Division 
Since the runway and taxiway location and the transportation access has been defined already, in 
this section, I was trying to locate the cargo area, airfield area, terminal area, and operations area. I 
explored three schemes for the airport land division to find out which is the best option for the new airport. 
 
Scheme A 
Cargo area is next to the open sea; operation area is closed to inland, airfield, and terminal are in 
between.  
Pro: Cargo and passenger service are divided, which will increase the airside efficiency.  Cargo is 
next to open sea, which will benefit the future transition between air transportation and sea transportation 






Figure 5.4.1  Airport Land Division Scheme A 
 
Scheme B 
There are three blocks in this Scheme; airfield is one block which is next to the open sea, cargo 
areas and operations area are in one block that closes to inland, terminal area is the third block located 
between two previous blocks. 
Pro: Operations area is receiving the passengers from inland. There is less the subway 
infrastructure work.  
Cons: Cargo service will conflict with the passenger conflicts, which results in the inefficiency in 
the landside.  
 
Figure 5.4.2 Airport Land Division Scheme B 
 
Scheme C 
Cargo area is closed to inland; operation area is next to open sea, terminal and airfield are in between.   
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Pros: Operation area is receiving the passenger from the ground transportations. Both cargo area and 
terminal area are closed to the airfield, which will improve the efficiency of the airside.  
Cons: Cargo area is far away to the open sea, which will not benefit the transition between sea traffic and 
air traffic. However, there is still a chance in the future development.  
 





5.5 Airport Terminal Layout  
Base on the land division scheme C, several terminal layouts has been established shown as 
following images.  With the “stool” of sustainability, culture, environment, and economics should be 
considered at the same time. Additionally, the thought of placing a minimum 150 meters long tidal power 
generator into the terminal (or between the terminals) should be considered in this procedure.  
 5.5.1 Terminal Type 
Scheme A  
Main Terminal + Attached Terminal + Landside + Shared Curbside  
Pros: Welcoming shape; Tight terminal building space which increases    
the landside efficiency  
Cons: Less possibility to place the tidal power plants between terminals 
 
Scheme B  
Main Terminal + Satellite Terminal + Landside + Single Curbside 
Pros: Possibility for placing the tidal power plant between terminals  
Cons: Ground Transportation is hard to reach the satellite building;  
Long travel distance between terminals 
 
 
Scheme C  
Main Terminal + Attached Terminal + Satellite Terminal + Shared Curbside   
Pros: Provide flexibility of future development; Possibility for placing  
the tidal power plant between terminals  
Cons: Complicated landside traffic flow, waste of land use. 
 







Two Main Terminal + Double Curbside  
Pros: Possibility for placing the tidal power plant between 
terminals; Tight building footprint, which increase the airside efficiency 
Cons: Complex landside traffic flow 
 
 
 Scheme E  
Multiple Terminals + Shared Curbside  
Pro: More possibilities of incorporating tidal power generator 
into terminal  
Cons: High energy consumption; Hard building management; 





Scheme F  
Main Terminal + Double Curbside   
Pro: Possibility for placing the tidal power plant between 
terminals  
Cons: Un efficient landside and cargo area  
 




According to the estimation of air traffic capacity, the satellite style Scheme B and C are not 
proper for the new Dalian airport, because the satellite hall cannot guarantee aircraft landing and takeoff 
capacity during rush hour, and also, it increases passenger's travel distance somehow. The Scheme E and 
F occupy vast space of the artificial island, which decrease the airside efficiency. Scheme A & C are tight 
and efficient, both present welcoming shapes which provide a pleasant atmosphere for the passengers. 
However, Scheme A is not suitable for incorporating the tidal power generator into the design. On the 
contrary, Scheme D provides more possibilities for the tidal power generator. Therefore, I will use Scheme 
D airport layout as the base of my design.  
 
5.5.2 Functional Division 
Base on the land division, to present the functional areas more specifically, the artificial island will 
be divided into three main categories (Figure 5.2.2.0) shown as following
Figure 5.5.2.0 Airport Functional Division 
 
Airside: Runway, parallel slipway, taxiway, 
apron, fire station, weather station, navigation 
center, deicing area, etc. 
Terminal area: Terminal, parking garage, and 
parking lot, ground transportation center, etc. 
Cargo area: Cargo loading area, warehouse, 
parking lot  
Operation area: On-site companies, production 
area, airline base, public facilities area, fuel 
supply facilities, airline base, maintenance, air 
traffic control and control tower, overnight use, 
utilities, commercials & retail, hotel, etc. 
production auxiliary facilities and administrative 




Airside - Runways 
 
Figure 5.5.2.1      Runway Layout 
According to the International Air Transport 
Association's, four parallel runway systems are shown in 
Figure 5.5.2.1, which will allow 168 flights to take off per 
hour (708000 flights per year), meet the airport future 
capacity.  
No. 1 and No.2 runways are 3600 m 4F standard 
runway, which will be built in Phase 1. the distance between 
two runways is 2200 meters. No. 3 and No. 4 runway will be 
3200 meters, which will be built in Phase 2. The distance 
between Phase 1 and Phase 2 is 400 meters. According to 
ICAO guidelines, the minimum distance between two parallel 
runways is 1035 meters. Otherwise, a staggered distribution 
is required.34 Shown in the figure, the staggered length of No. 
1 and the No.3 runway is 500 meters. 
 
Airside - Aircraft Stands 
 
Figure 5.5.2.2        Aircraft Stands 
According to the capacity estimation, 110-120 
aircraft stands will be built when the construction fully 
complete. In the project, for domestic terminal, there will 56 
aircraft aprons for C class aircraft; 6 aprons for D class 
aircraft, 4 Apron for E class aircraft, 2 for F class.  For 
international terminal, there will be 12 aprons for C class; 4 
for D class; 16 for E class; and 7 for F class. Also, there will 
be 72 retarding aprons to relieve the pressure during the 
rush hour. It is necessary to have enough space to build extra 
flats near the freight area to ensure the expansion of spare 
seats in the future.  
 
                                                     





Base on the terminal Layout Scheme D, two main terminals will be tightly sitting in the center of 
the artificial island shown in Figure 5.2.2.2. As the scale of airport terminal grows, the system and 
equipment inside of the airport are more complex and dense, and the walking distance from the entrance 
to the gate is getting longer. According to the case studies of the new design airport, I found the radiant 
concentrated symmetrical geometry is the trending of the airport terminal design. It benefits the building 
management and mechanical operations, further to reduce the energy consumption. And also, the radiant 
shape is the best choice to reduce the passenger travel distance from the entrance to the gate. Additionally, 
the concentrated radiant geometry provides a natural wayfinding system for the users; people know where 
they should go when standing in the center of the terminal. 
Two main terminals give a lot possibility for blending the tidal power plant into the design. The 
ideal concept is to place the tidal power plant between two airport terminals, which will draw the interest 
of the passenger. The airport terminal design and how does it work with tidal power plant will be 
explained in detail in next chapter.  
Operations & Working Area 
The operations & working area is close to the open sea, where the ground transportation 
approaches the artificial island. The landscape between the ground transportation bridge and the 
operations area provide some buffer zones from the open sea to the artificial island. The operations area 
is like a big welcoming reception center of the artificial island. Commercials, hotel, airlines offices, airport 
staff apartments, and all the other airport-related departments are located in this complex to serve the 
airport and surrounding neighborhood.  
Cargo Area  
In fact, the ideal location for the cargo area is somewhere close to the open sea. However, it is 
better to provide a welcoming building complex for the passenger from the ground transportation. 
Otherwise, the passenger will see the tedious cargo area. Locate the cargo area close to the inland will 
help to increase the airside and cargo area the efficiency. However, we still can develop the other cargo 
area close to the open sea in the future. The cargo area will be divided into four parts: cargo warehouse, 
cargo aircraft apron, landside parking area and gateway (Appendix: Site Plan). The buildings are arranged 
by the traffic flow, which will enhance cargo handling performance
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Chapter 6 Terminal Design 
 
In this chapter, you will see how does terminal design has been defined, regarding the concept, 
the floor plans, and the traffic flow of the terminal. 
 
6.1 Terminal Design Concept  
According to the research in chapter 2, I have learned centralization will benefit the building 
operations and management, which contributes energy conservation. Unitization, in another word, 
independence, which serves airline companies operations better. With consolidating the centralization 
and unitization, the terminal will be designed into a radiant geometry.  
With the radiant shape as the starting point of the terminal design, I have considered using the 
radiant diamond, flower, and some sea animals as the concept of the design. Finally, I selected ocean-
related object - starfish, which harmonizes with the theme of this coastal city.      
 
Figure 6.1.0     Starfish   Source: "Starfish - Google Search." Google.com. N. p., 2017. Web. 27 Dec. 2017. 
 
Starfish gives a perfect symmetrical radiant shape. The center of the body can be developed into 
the core of the terminal, and five hands can be utilized as the wing building spreading out from the center. 
Additionally, starfish pattern presents the stability in concentration and unitization, which gives a good 
starting of design.  
If there is just one terminal in starfish shape, there will be less potential to blend the tidal power 
generator into the terminal design. And if there are two terminals, there should be some sorts of link or 
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connections between two terminals. Therefore, I tried to connect two starfishes to see if there is any 
possibility of combining tidal power generator with two starfish naturally and organically. Eventually, I 
create a concept shows as Figure 6.1.1; one pentagram starfish holds the hands of the other hexagram 
starfish, which presents an organic and dynamic form blending into the artificial island. Meanwhile, it 
proffers some opportunities to incorporating the tidal power generator between the terminals.  
 




 There is another profound meaning to the starfish concept. Writing Dalian in Chinese is “大连” 
(Figure 6.1.2), “大” means big, large or huge, “连” means connection, link and joint.  The starfish shape 
has a similar form to “大,” and two starfish connecting happens to convey the meaning of Dalian.  
 
Figure 6.1.2  Dalian Chinese Writing 
 
Figure 6.1.3  The Meaning of Two Starfish 
As combining two starfish, there will be link or corridor connecting these two terminals, which 
provide the possibility to place the tidal power generator inside of the circle created by the starfish “hands” 
(Figure 6.1.4). However, if the generator stays within the circle, water should follow underneath the link 
or corridor. With this thought, I raise up the links and turn them into bridges, which will allow the water 





Figure 6.1.4   Airport Terminal Geometry 
 
Figure 6.1.5  Airport Terminal Perspective 
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6.2 Floor Plan Layout and Design 
With joining the smaller pentagram to the hexagram, there will be seven starfish hands stretching 
out into seven unitary wing buildings. Showing in Figure 6.1.5, the smaller pentagram will be used as 
International Terminal, and the other hexagram will be used as Domestic Terminal since there are 
domestic flights in Dalian Airport.  
There will be four levels above the finish floor elevation, four levels below the finish floor 
elevation, total there will be seven stories range from minute 28 meters to 55 meters in height. The 
entrance of the terminal will be inside the loop(circle) between two starfish. In the subsequent paragraphs, 
I will present a tour from the entry of the top terminal level to the lowest level.   
Departure Lobby Level (3F, +30 M) 
The passenger approaching the airport terminal by ground transportation will get off the car at 
curbside. (Figure 6.1.8) According to capacity estimation, the total curbside length should be no less than 
400 feet. In this project, the curbside along the Domestic Terminal is 250 meters, for the International 
Terminal is 180 meters. The canopy above the curbside is trying to mimic the tidal and waves, which 
match the theme of the terminal concept.  Getting off from the curbside and stepping into the terminal, 
very first stop for the departing passenger is the Departure Lobby, which is on the top level of the 
terminal.  On this level, there will be check-in islands, common space, commercials, security check, atrium, 
floating garden.   
 
                       Figure 6.2.1.0    Curbside Perspective 1                     Figure 6.2.1.1    Curbside Perspective2 2  
Stepping into the Domestic Terminal Departure Lobby, the first things come into eyes an ecology 
garden (Figure 6.1.9). With the thoughts of enhancing user’s experience, the theme of the departure lobby 
is “energetic garden.” With the huge amount skylight on the roof, the green bushes and grass are thriving; 
fountains deliver beautiful sounds and add humidity to the air. The whole level is an experience of nature 




         Figure 6.2.1.2   Departure Lobby Perspective                  Figure 6.2.1.3   Departure Lobby Overview from Floating 
Garden  
 The very first element to the lobby entrance is the six check-in islands that layout into a 
welcoming armed shape (Figure 6.2.1.5). Each of the check-in island presents a big recognizable phablet, 
which can be easily found after the passenger checks their airline's associated check-in island alphabet. 
Similarly, with the welcoming arm shape layout, there will be five check-in islands in the international 
terminal.  There are 192 and 160 check-in counters (Figure 6.2.1.6) serving for domestic terminal and 
international terminal respectively, which meets the requirement of the clients.  
 




                              Figure 6.2.1.5    Check-in Islands                   Figure 6.2.1.6    Check-in Counters 
Go straight to the check-in island in the middle; there will be a massive atrium, which allows the 
natural light comes to the level below. The commercial area (Figure 6.2.1.7) located on the opposite side 
to the entrance, which follows the same welcoming shape and sitting behind the atrium. There are two 
levels in the retail space; the grand ramp will take the people to the second level, which is also where the 
floating garden is.  
 
Figure 6.2.1.7 Commercial Area-Retail Stores 
Supporting by the column, the Floating Garden is sitting in the retail stores and over hanging 
out for about 20 meters, floating 15 meters above the atrium. The grand stairs will be constructed with 
Grass Reinforced Concrete (GRC), which will help to reinforce the floating structure. The given 15 meters 
headroom between Departure Lobby Level and Floating Garden will be furnished with some common 




Figure 6.2.1.8 Floating Garden 
The floating garden provides a friendly and decent recreation area in a greenhouse. There is a 
stepping platform covered with grass and wood decking (Figure 6.2.1.6), the bushes and plants grow 
vigorously on the floating garden, benches, cafes, and restaurant is scattering around (Figure 6.2.1.9). 
This floating garden will not only provide a space for a passenger to take a rest but also present a 
recreational area for the surrounding neighbors.  
 
      Figure 6.2.1.9  Floating Garden Recreational Space         Figure 6.2.2.0    Floating Garden Platform 
The lessons learned from the past security check design tell that the centralized security line will 
result in the crowded and chaotic situation. And from personal experience, the temperature usually gets 
very high in the security check area, which is very perishing especially when I have a heavy bag or laptop 
with me. One of the goals of this project is to enhance the user's experience, which is not an only about 
showing good images at several spots. Enhancing the user’s experience should be functional and practical 
Jiang 64 
 
to the passengers. Therefore, I located the security lines (Figure 6.2.2.1) at the endpoints on this level 
(where the starfish hands and body intersect), which helps to separate passenger flow right after they 
check in. Aforementioned will help to remit the crowded situation at the security lines, which not only 
promote the efficiency of the service and reduce passenger waiting time, also reduce the chance of 
unexpected high temperature. Here, security area will have relative lower ceiling compare to the open 
lobby, since this area requires more silence and controllable working space. Therefore, the area above the 
security area will be the extension of the floating garden.  
 
       Figure 6.2.2.1    Security Check 
Two terminals will be connected by two bridges, which also play a role as an educational spot. 
Tidal power plants will be placed right below the bridge; people will see how does seawater flow from one 
reservoir to the other.  
 
       Figure 6.2.2.2   Floating Garden Platform 
Shown in Figure 6.2.2.6, three structural columns are supporting the skylight canopy, which 
conveys a magnificent and energetic atmosphere. Additionally, by utilizing the same theory of the car fuel 
gauge, the fountains in two columns on both sides of the terminal play the role of tidal variation indicators. 
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Specifically, the fountain pumps will be connected to the water level indicators in both tidal barrage 
reservoirs, and the height of the water in each column will represent the water level correspondingly. 
Consequently, the passengers will know which side of the bridge they will go to enjoy the energy 
production show.  
 
       Figure 6.2.2.6    Three Fountain Columns  
Departure Level (2F, +15M, Figure 6.2.3.1) 
After the security check on the Departure Lobby Level, the passengers need to take vertical 
circulation (Figure 6.2.2.3) to the departure level where the gates located. This level will be implemented 
with lounge, VIP room, restroom, commercials, and green space. The green space at the end of the starfish 
hands is like the courtyards in each terminal wing (Figure 6.2.2.4). In each green space, there is operable 
skylight above the garden, which will allow controlling the microclimate in the terminal.  During the 
summer, the operable roof will be open to improve the natural ventilation; conversely, the skylight will 
be closed during the winter time. Two terminals will be connected by the bridges (Figure 6.2.2.5) on this 
level also, different from the Departure Lobby level; there will be security lines to separate the Domestic 




Figure 6.2.2.3  Vertical Circulation After Security Check 
 
Figure 6.2.2.4  Green Space on Departure Level 
 




Arrival Mezzanine Level (2F, +8M, Figure 6.2.3.2) 
The level below Departure level is arrival mezzanine, 15-meter wide circulation for the arriving 
passenger are along the edge of the terminal. The space between circulation is occupied by mechanical 
room, airline offices, and airport operations. At each end of the wing is the remote boarding gate, which 
presents the farthest travel distance about 700 meters after the security checks. Compare to the 
conventional terminal I experienced, which took me about 30 minutes from the terminal lobby to the gate, 
700 meters is much shorter.   
The core of the arrival mezzanine is the cross-border Transit Lobby. This area will serve the 
passengers transiting between domestic and international. A series of national border inspection 
departments will be seen here, such as passport control immigrant inspection.  
Arrival Lobby Level (1F, 0M, Figure 6.2.3.3) 
The level below Arrival mezzanine is first floor, Arrival Lobby. On this floor, the passenger could 
find the VIP rooms, commercials, baggage claim conveyors, and common space. Besides, there will be 
mechanical rooms, offices, and garage for the internal airport use. Baggage claim area located in the center 
of the terminal surrounding by retails stores, which not only provide a leisure place for the passenger 
while waiting for the luggage, also promotes the sales of the retail stores.  Between the terminal and 
Ground Transportation Center, there is outdoor leisure space (Figure 6.2.2.6) along with some outdoor 
cafe and restaurant, which presents a buffer zone between the ground transportation and airport terminal, 
also provide outdoor activity space for the passengers when they are waiting for the flights.  
 
Figure 6.2.2.6  Outdoor Cafe Between GTC and Terminal 
Basement Level (F-1, -8M, Figure 6.2.3.4) 
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Next, the B1 level is the level of baggage handling system (BHS), which is only for internal airport 
use. There is conveyor system installed at the ramps to transport checked luggage from the ticket counter 
to its corresponding destination. Reversely, BHS also carries checked baggage coming from airplanes to 
baggage claims or the next target. The roadway will be built around to assist the BHS operations. Also, 
there will underground public parking garage severing in front of the ground transportation center. The 
cars coming from the open sea direction will take the underground tunnel to get into here. In the Ground 
Transportation Center, there will be large atrium along with some offices on this level. 
Mechanical Level (F-2, -8M, Figure 6.2.3.5) 
The level below is Mechanical Level, most of the area will be occupied by the mechanical 
equipment and devices. Locating along the edge of the level, the vertical circulation on this level will not 
be accessible to the passenger. 
Electricity Generator Level (F-3, -12M, Figure 6.2.3.6) 
Next lower level is Electricity Generator level; it is where the tidal power plant electricity 
generator equipment located.  
Tidal Power Lobby Level (F-4, -22M, Figure 6.2.3.7) 
Tidal Power Lobby Level is designed to share the same height with tidal power turbines, which 
is 22 meters below the first floor.  As two terminals connected by the bridges 15 meters above the first 
floor, the tidal power turbines will be placed underneath the bridges right between two terminals; both 
terminals can touch the tidal power turbines. Also, to create an essential educational point, I set the 
subway exit on this level, which will be a must pass by level if the passengers take a subway to the airport 
(Figure 6.2.2.7). Thus, a tidal power educational lobby will be on this level. 
 
Figure 6.2.2.7  Subway Ticket Check Exit 
Jiang 69 
 
As shown in Figure 6.2.2.8, the wall material isolating the seawater from indoor is 15 cm thick 
transparent acrylic. Base on the research of aquarium, I found the Acrylic is the most popular material for 
the isolating seawater, which is corrosion less and durable enough for utilizing in the undersea 
environment. The last of the tidal power turbine on each end of the tidal power generator will be exposed 
to the audience through the transparent acrylic glass. The passenger will see the sea flowing seawater 
and rotating tidal power turbine in front of the glass.  
 
Figure 6.2.2.8  Tidal Power Lobby Glass Wall 
Moreover, this lobby is not only to enhance the user's experience in the airport, but it also 
educates people how does tidal power plant work, further to influence the people to think about 
sustainability and change their mind and behaviors. 
 




Figure 6.2.3.0  Escalator from Subway Level to Tidal Power Lobby 
Subway Level (F-5, -28M, Figure 6.2.3.8) 
The lowest level is Subway Level. The subway will come from the inland side and will stop at the 
turning crossing. There will be three stops on the artificial island: first stop will be International 
Terminal, second is Domestic Terminal, and the subway system will come across the ground 






Figure 6.2.3.1  Departure Lobby Level Floor Plan 
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Figure 6.2.3.2 Departure Lounge Level (3 F) Floor Plan 
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Figure 6.2.3.3 Arrival Mezzanine Level Floor Plan
Jiang 74 
 
Figure 6.2.3.4 Arrival Lobby Level (1 F) Floor Plan
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Figure 6.2.3.6 Mechanical Level (-2 F) Floor Plan 
Jiang 77 
 












Chapter 7 Subtraction: Minimizing Energy Consumption  
 
The primary goal of the project is to be Net-Zero, which means zero energy consumption. I 
approached the Net-Zero by “subtraction” and “addition,” in other words, minimizing the energy 
consumption and maximizing the energy production. To conserve energy, I approach from the building 
envelope design, passive design, and some other tactics. And this project will apply tidal power barrage 
to produce energy which has been established already. This Chapter will reveal how this project achieves 
the goal of Net-Zero by the method of “subtraction.” 
 
Figure 7.0  Net-Zero Energy Methodology 
7.1 Terminal Envelope  
 According to the climate of Dalian Jinzhou Bay and user’s experience and the climate of Dalian. 
A building envelope design has been determined presented as Figure 7.1.0. The subsequent paragraphs 





Figure 7.1.0 Terminal Perspective Section Building Envelope Introduction  
7.1.1 Double Curtain Wall System 
Usually, airport terminal utilizes a significant amount of curtain wall to allow the natural light 
come in to provide a decent widely open space. Similarly, in this project, the vast amount of glass curtain 
wall system is inevitable. However, this terminal will apply double curtain wall facade system instead of 
the conventional single layer curtain wall system. 
According to Figure 7.1.1, double skin facade is two separated layers of glazing that create an air 
corridor in between. The primary layer of glass is usually insulating. The air space between the layers of 
glass plays a role as insulation, sun-shading devices are installed between the two skins. All elements can 
be arranged differently into numbers of alterations and combinations of both solid and translucent 
membranes.  
 
Figure 7.1.1 Terminal Building Double Curtain Wall System 
Also, double-skin facade reduces heat losses because the air flow slows down and temperature 
increases in the cavity, which lowers the rate of heat transfer on the surface of the glass. It has the effect 
of preserving higher surface temperatures on the inside of the glass, in order words, it means that the 
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space close to the window can be better utilized as a result of increased thermal comfort performance.35 
According to the climate of Dalian, double curtain wall system will present its advantage during the 
winter, especially when the northwest winds dominate the city, double curtain wall system will help to 
reduce the heating load tremendously. 
7.3.2 Roof  
Rooftop Construction  
Thermal insulation is an important aspect of reducing the energy usage in the terminal, especially 
for heating and cooling purposes. Determining the exactly R-value of the building envelope is a 
comprehensive process, which will conduct a lot of calculations. And also, R-value is not a common 
concept in China. Therefore I used the thermal envelope requirement for building the US as my reference.  
According to the research I did, the roof R for the Area that has the same latitude to the City of Dalian 
should have R 25 for the entire insulation above deck. Base on the research, I designed the terminal roof 
R-value as 60 which will be enough in the high-volume space. In terms of roof construction, the materials 
from top to bottom are white CSEM PV panels or Alucobond aluminum composite panel, mounting grits 
and vented space or thermal separator, 5mm polymer mortar, 20mm polyurethane 2mm polyurea, 2mm 
zinc oxide steel, 70mm XPS insulation, 10 perm vapour retarder, 10 mm OSB, 70 mm dense-pack cellulose 
insulation and 10 mm plaster. This combination presents a total R-value of 60 (hr-ft2*°F)/Btu.  
 
Figure 7.3.2.0 
The top layer of the roof construction is white photovoltaic panels by CSEM or aluminum 
composite panel(ACP). The white PV panel will be installed on the south facing roof, and the ACP will 
cover the rest of the roof. The white solar module is an innovation based on the conventional photovoltaic, 
which released recently by CSEM recently. By applying a colored film above the photovoltaic, the solar 
panel can be designed into different colors. Meanwhile, it has the same energy production as the 
traditional dark color solar panel. A white surface will keep the lower temperature under the sun, which 
maintains the inner spaces cooler and reducing heating load. The visible light which has been reflected 
                                                     
35 Boake, Terri Meyer, et al. "Understanding the General Principles of the Double Skin Façade System." (2003). 
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does not contribute to heating. Therefore, a white solar cell is supposed to work at temperatures 20–30° 
lower than standard PV panels. 36 
 
Figure 7.3.2.1 Color Solar Module Detail  
Source: https://inhabitat.com/revolutionary-white-solar-panels-cool-down-buildings-while-generating-electricity/ 
Breath roof 
Between the double curtain wall and the roof is where "breath roof" located. So-called "breath 
roof" can bring the air in and exhaust the air out. It presents tons of triangular opening shown in Figure 
7.3.2.2. The opening close to the rooftop is small, and they get bigger gradually and blend to the curtain 
wall.  
 
Figure 7.3.2.2 Breath Roof 
Part of the triangular opening is inlaid with glazing, and others are installed with the responsive 
triangular folding device showing in Figure 7.3.2.2. By using the concept of al Bahr towers, this triangular 
folding mechanism will respond to the microclimate within the terminal. The device will be folded up 
                                                     
36 Archive, Innovation et al. "White Solar Cells Could Make Building-Integrated Photovoltaics A Reality - World 




when the natural ventilation needs, and it will be flat and blend into roof structure during the heating 
season. 
 
Figure 7.3.2.3  Breath Roof Triangular Device 
 
7.3.3 Skylight  
Glazing: Smart glass  
To maximize natural light, 1/3 of the Departure Lobby Level will be covered by the skylight.  
The massive skylight creates a large greenhouse which will benefit the winter time but will increase the 
cooling load in summer. However, to avoid unexpected heat gain the skylight will apply the switchable 
glass as the glazing, which not only reduces the heat gain, also adds some playful elements from the 
aesthetic perspective. 
 
Figure 7.3.3.0 Skylight in Terminal  
 The switchable glass, which is "a laminated glass product that consisting of a Polymer Dispersed 
Liquid Crystal (PDLC) film sandwiched between two layers of glass and two layers of conductive 
interlayers.” 37 The PDLC film is the core of the switchable glazing; it allows to change the visual 
appearance of the glass from translucent to transparent or dim anywhere in between by turn on and turn 
                                                     





off the power (Figure 7.3.3.1). It helps to control the amount of the daylight coming into the terminal 
building, which helps to avoid the unexpected sunlight and reduce the heat gain, further lower the cooling 
loads.  
 
Figure 7.3.3.1 Switchable Glass 
Source: "Switchable Glass - Google Search." Google.com. N. p., 2017. Web. 27 Dec. 2017. 
 
 
 Smart Glass Sensor- white photovoltaic roof  
One of the reasons to install the white photovoltaic is to produce the secondary energy supply on 
site, but the primary purpose is the solar module will be used as the trigger of the switchable glazing on 
the skylight. According to Figure 7.3.3.3, the solar panel electricity production goes up gradually from 
10 am to 2 pm and falls by the. The energy production peak hour is from 11:00 am to 2:00 pm, which is 
similar to the time of the temperature trending during a day.  Therefore, as the temperature goes up, 
when the solar model starts to generate electricity, the switchable glass will be triggered to dim down 
and change into translucent. And when the temperature drops down, the switchable glass will be turned 
on and transform into transparent by using electricity that has been generated during the day. 
Additionally, these switchable glazing will be installed separately. Therefore, the switchable glass can 
dim down proportionally depends on the user's preference. 
The switchable glazing on the skylight does not only save the energy by reducing the expected 
heat gain but also, by introducing a responsive building technology to the passenger, it increases the 





Figure 7.3.3.3  Solar Daily Output   Source: https://www.zmescience.com/ 
7.2 Passive Design  
7.2.1 Building massing and orientation 
Massing is one of the most critical factors in passive heating, cooling and daylighting. From the 
air flow design perspective, theoretically, two terminals combined and form into aerodynamic curve shape, 
which helps to reduce heat loss from infiltration. And by analysis of Flow Design, the aerodynamic curve 
shape diminishes wind tunnel effect in the winter which helps to reduce the heating load. And it also 
accelerates the velocity speed on the roof, which will benefit the natural ventilation during the summer 
(Figure 7.2.1.0). And also, most of the longer sides facade of terminals are oriented north and south, which 
minimizes solar heat gain. 
 
Figure 7.2.1.0  Terminal Mass Velocity Diagram  Source: Flow Design 
7.2.2 Natural Light Optimization 
 As mentioned previously, allowing the sunlight come into building increases our wellbeing, 
comfort, and productivity. With the thoughts of keeping a considerable amount of opening in the building 
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envelope, the double curtain wall facade and the skylight will be presented in the terminals as previously 
introduced.  
7.2.3 Heat Gain Reduction 
We benefit from the natural light; however, on the contrary, we will experience some unexpected 
glare and heat gain especially at the west-facing building during the sunset. Previously, the switchable 
glass has been introduced to reduce the heat gain. For the double curtain wall system, a sunshade will be 
installed vertically between the two layers of the glazing (Figure 7.2.3.0).  
 
 Figure 7.2.3.0   Sun Shade in Double Curtain Wall System 
Additionally, the terminal each wing building has been designed into dynamic compound curved, 
which is set back from the roof to the ground. Each floor will take advantage of the overhang structure 
(upper floor slab) as a sunshade. As calculated, the sun angle of the artificial island is 54 degrees in summer, 
and 50 degrees in winter, the average distance from floor deck to deck is about 15 meters, the 75-degree 
angle for the curve set back is suitable for the average terminal condition. Shown in Figure 7.3.3.1 The 
overhang structure helps to reduce the heating during the summer and allow the sunlight come in during 
the heating days.   
 
 
 Figure 7.2.3.1   Overhang Structure (Upper Summer, Lower Winter) 
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7.2.4 Natural ventilation 
Chimney effect 
Locating at the center of the terminals, the atrium on each floor create vertical atria connecting 
for the airflows go through the different levels. By using the air pressure differences between different 
height, the warm air will be exhausted through the “breath roof,” which occurs cooler air will be pulled 
from outside to the inside of the terminal through the opening at the bottom of each level (Figure 7.2.4.0). 
This will reduce or even offset the building cooling load, which means during some lower demand cooling 
days, the natural ventilation can main the terminal in a comfortable condition without using mechanical 
air conditioning system. At the end of each wind building, green space will be developed into an interior 
courtyard; the operable roof will keep open when natural ventilation needed, otherwise will be close. 
However, the possibility of rain leakage and the reliability of the switch control need to be well designed 
to prevent the heat loss during the heating days.  
 
Figure 7.2.4.0  Chimney Effect 
 
7.3 HVAC  
Instead of using the conventional forced-air systems, the terminal will apply radiant heating and 
cooling system.  By distributing heated or chilled water within a network of pipes placed in slabs, walls 
and ceilings, the radiant heating and cooling systems will maintain a comfortable temperature evenly. 
And compare to the traditional forced-air systems, radiant heating and cooling use less energy.  
Humans feel more comfortable when their feet are warmer than their heads. Providing heat by 
low heating surface temperatures over a large area, radiant heating systems deliver even air temperature 
distribution with soft and comfortable radiated energy. In contrast to conventional forced-air systems, a 
radiative equilibrium is generated between people and the surfaces throughout the room, more closely 
achieving the optimal thermal comfort level for occupants (Figure 7.3.0), especially in one large open 
space like an airport terminal.  Similarly, the radiant cooling system will be installed on the ceiling in the 
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terminal. By running the water into the hydraulic cooling tube, the heat energy will be absorbed efficiently 
because the warm air goes up. Combined with the natural ventilation, the air-forced air-conditioning 
equipment size can shrink, which will save more energy.  
 
Figure 7.3.0  Forced Air Heating Compare to Radiant Heating  Source: "Forced Air Heating Compare 
to Radiant Heating - Google Search." Google.com. N. p., 2017. Web. 27 Dec. 2017. 
 
7.3 Lighting  
The lighting gives a great opportunity for saving energy in airports terminal. Extended operating 
hours results in the lighting turn on 24 hours 7 days, the light is usually turn on even there are few 
passengers there. In this project, the Led will be used all over the terminal.  Additionally, in toilets, storage 
closets, stairways, hallways, and other low traffic areas, the occupancy sensor will be installed with LED, 
which will not only help to reduce the energy consumption. The energy management system will detect 
the occupant load further to and reprogrammed the mechanical systems.  
Moreover, 1 W LED will install all along runway and taxiway. According to the research, this 
saves a tremendous amount of energy use on the airside lighting compared to using the conventional 
runway lamp.  
 7.4 Compliance  
The Compliance in airport terminal costs a tremendous amount of electricity.  Firstly, in this 
project, the terminal will use energy efficient liquid crystal displays (LCDs). Displays on staff and tenant 
workstations will shut down or placed in sleep mode during off hours. Visual information displays for 
baggage systems will be automatically turned into sleep mode between flights, depending on the level of 
automation available. Conveyance system is another big consumer of energy in airport terminals. This 
terminal will be equipped with high-flexibility, low-friction belts for baggage conveyors. Besides, all the 
escalator or moving walks will be occupant sensitive, which will be in sleep mode when low traffic.  
Jiang 90 
 
7.5 Building Management 
This airport terminal will equip an Energy Management Control System, which allows the 
building system to respond automatically to the operating requirements, adjust to meet load conditions, 
and help schedule or identify equipment maintenance. By analyzing the data collected from each 
department in airport terminal, Energy Management Control System will adjust the programming or 
give some energy saving suggestions.    
Jiang 91 
 
Chapter 8 Energy Consumption, Energy Production and Conclusion 
 
In this Chapter, I will conduct some calculations to demonstrate if the energy production on site 
will offset the energy consumption of the airport terminal. 
8.1 Energy Consumption Estimation 
I did the energy consumption estimation by three approaches. Because the building information 
model (BIM) of this project is very heavy, the first approach I used to be conducting a research, 
investigating the typical energy consumption for an airport terminal. 
8.1.1 Energy Consumption Estimation Based on Research 
Analyzed by Psomas and Associates' Utilities Consumption and Generation at LAX Technical, 
the Land Use Electricity Consumption Factors of Los Angeles World Airports has been found showing 
as Figure 8.1.1.0. Electricity consumption was projected by multiplying the factor (in kilowatt-hours per 
square foot per year) by the area of the facility or building (in square feet), as follows:  
Equation:  
Annual Facility Electricity Consumption = Ei x Ai  
Where Ei = Electricity consumption factor for facility (i), kilowatt-hour per square foot year  
Ai = Area of facility or building (i), square feet 38 
 
Figure 8.1.0  Source: Energy Supply Technical Report of Los Angeles World Airports 
Convert square footage into square meter:  
1 m2 = 10.7639104 sf.       
                                                     
38 "Energy Supply Technical Report of Los Angeles World Airport .org. N. p., 2017. Web. 15 Dec. 2017. 
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19.05 kwh/sf./y= 205.05 kWh /m2/y 
Known as: 
Total square footage of Terminal = 700,000 m2 
Estimation based on research: 
Annual Facility Electricity Consumption = Ei x Ai =700,000 m2 x 
205.05kwh/sf/y=143,536,745 kWh  
8.1.1 Energy Consumption Estimation Based on Model Energy Analysis 
Since the scale of the terminal building is extremely large, it is difficult to generate the building 
energy analysis from such a large model. However, the aim to calculate the energy consumption is to 
demonstrate if the energy production can offset the energy consumption. Consequently, I set up a scenario 
to help me reduce the analysis workload. Firstly, shown as Figure 8.1.0, isolate the northwest wing of the 
Domestic Terminal, this piece includes the part of the "starfish" body also. Then, generate energy analysis 
for only this portion of the building. There is three reason I chose the northwest wing of the domestic 
terminal as the prototype of energy analysis.  First, it has the most significant footprint and largest square 
footage and volume among these seven wings.  Second, it has a west facing curtain wall facade which will 
result in high cooling load. Third, the south-west prevailing wind in winter will raise the heating load of 
this wing.  
 
Figure 8.1.1.0  Southwest Wing of Domestic Terminal 
8.1.2 Energy Consumption from Energy Model  
I use MIT building Advisor as the tool of analyzing energy consumption, since MIT Building 




In the interface of MIT Building Advisor, it allows me to set up 4 scenarios to compare. I did 2 sets of 
parameters: One is design baseline which utilized the parameters from simple   building mass. The 
other one is according to the proposed design I described in previous chapter. The 2 sets of the parameter 
along with the energy consumption estimation results can be found in the following Figure 8.1.2.0  
BASELINE PROPOSED 
●60% glazing maximum 
●No shading 
●Fixed envelope R-Value 30 
●Fixed light 20 W/m2 
●Fixed HVAC based on heating fuel source, number of 





●Double curtain wall 
●Vertical shading 
●High envelope R-Value 50 
●Lighting Density 16 W/m2 
●Natural ventilation 




246.2 kwh/m2/y 187.8 kwh/m2/y 
Figure 8.1.2.0  Two Sets of Parameter and Results 
MIT building Energy Consumption Tool gives result for two sets of parameters, the baseline 
model annual energy consumption per square meter is about 246.2 kwh/m2/y, which is closed to the 
data I got from research. And the proposed design presents a result as 187.8kwh/m2/y, which reduce 
29% on heating energy consumption, 10% on cooling energy consumption and 8% on lighting energy 




Figure 8.1.2.1  Proposed to Baseline Energy Conservation 
 
Figure 8.1.2.2   Proposed to Baseline Comparison  Source: MIT Building Energy Consumption Tool 
With the calculation and analysis above, I found the proposed design is the best, the baseline has 
the worst performance, and the data from research sits in between. Therefore, the total the total energy 
consumption of the terminal buildings will range from the following results from the equations: 
Proposed Design: 187.8 kwh/m2/y X 700,000 m2 = 131,460,000 kwh = 1.3146 GWh 
Baseline Design: 246.2 kwh/m2/y X 700,000 m2 = 172,340,000 kwh = 1.7234 GWh  




8.2 Tidal power Plant Energy Production 
8.2.1 Potential tidal power energy in tidal barrage 
Four longitude floodgates and one transverse tidal power plant will be built on this artificial 
island. The tidal power means operating tidal range is 3.6 m, the 16.04-kilometer (km) tidal barrage create 
the about 94 km2 basin area, but the artificial island reclamation for both current and future phase reduce 
the barrage basin to 54 km2 
Before determining the tidal power turbines quantity and output, I need to find out what is the 
potential energy embedded in this tidal power barrage to avoid the circumstance of tidal power production 
overweight the potential tidal energy embedded in the tidal barrage.  
 
Given a basin, the theoretical potential energy can be calculated as:  
𝐄=𝐠𝛒𝐀 𝐳𝐝𝐳=𝟎.𝟓𝐠𝛒𝐀𝐡𝟐 39 
Note: for seawater: (gp.) = 10.0156 kNm-3 
Being:  E: energy (Joule) g: acceleration of gravity (9.8 m/s2).  ρ : seawater density (approximately 
1022 kg/m3), A: sea area (m2), z: vertical coordinate of the ocean surface (m) h: tide amplitude 
(m).  
 
E=10.0156 X 9.8m/s2 X 1022 kg/m3 X 54340000 m2 x 18m X 3.6M =353,222,681,311,019.5 
Joule= 14,784,078 kWh 
 
Project potential tidal barrage energy=14784078 kWh / second  
Which is 53,222,680,800 kWh / Hour = 53222.68 GWh/ Hour 
The potential tidal power energy is about 53222 GWh per hour, which is extremely huge number, 
so far, there is no tidal power turbine with the output exceeding this number. Consequently, I could use 
any types of tidal power turbine base on the demand.   
8.2.2 Tidal power turbine determination 
With a such huge construction of seawall and reclamation, I hope this tidal power plant would 
not only supply the energy for the airport terminal, also would benefits the neighborhood. And, the mean 
tidal range in Jinzhou Bay is 3.6 meters. Hence, 20 submerged bulb tidal turbines (Figure 8.2.2.0) in 15 
MW with 2-meter head will be installed between two terminal buildings, right below the bridges 
connecting two terminals.  
                                                     




Figure 8.2.2.0  Tidal Power Bulb Turbine 
8.2.3 Tidal power production 
4 longitude floodgates parallel to the sea wall are 150 meters in length, the tidal power generator 
below the bridges, is about 370 meters long. Two reservoirs will be created by these tidal power 
hydrological structures. The water level difference (mean 3.6 meters) between the two reservoir drives 
the turbine to generate electricity.  
There are flood tides and ebb tides two times a day respectively. By incorporating the double 
current type tidal barrage, the tidal power generator will generate electricity two times a day, each time 
will last about 5 hours. 
Known as: 
5 hours X 2=10 hours 
Quantity of Tidal power turbine=20 
Tidal turbine output 15 mw =15,000 kw 
The efficiency of the tidal power turbine=80%  
Energy production per Day is  
15,000 kw X 20 X 10 h x 80%= 2,400,000 kWh  
Energy production per year is 
2,400,000 kWh X 365= 876,000,000 kWh = 876 GWh 
8.2.3 Energy Aspect Conclusion 
Base on the previous calculation, obviously, the energy production on site is enormous which 
will definitely offset the energy consumption of the airport terminal. The maximum estimation of the 
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terminal energy consumption 1.7234GWh is about 0.2% of the energy production. Indeed, tidal power 
presents an extremely higher energy production compared to the other type of renewable energy.  
After providing the energy demand of the terminal building, there is still a huge amount of energy 
leftover. By using the undersea electric cable (Figure 8.2.3.0), the leftover electricity will be transferred 
back to national grid. The undersea electric will come from the nearest inland seashore directly above 
subway undersea tunnel, and will ties into the tidal power generator without any on the ground 
electrocortical infrastructure. Warning signs will be labeled on shore in case of any accident. By using the 
undersea electrical cable, the passenger will not see the huge scale electrical infrastructure, which is also 
safe for the passenger. 
 




Chapter 9 Summary and Perspectives   
 
10.1 Educational Features 
Beyond the service and environment provided in airport terminal which directly improves the 
efficiency and the performance of the building, or benefits the environment, how does and public facilities 
influence and educate the building users is what I intend to address on. In the terminal, there are three 
educational spots: fountain column, the bridges, and tidal power lobby. 
Fountain Column 
Shown in Figure 10.1.0, the height of the water in each column indicates the height of the water 
level in the reservoirs respectively. The building users could understand which side of the reservoir has 
the higher production. Therefore, they know which bridge they can see the tidal energy production.   
 
Figure 10.1.0 Fountain Column 
Bridges 
As the core of the tidal power production, the bridges and the traffic loop between two terminals 
is the place to see the tidal power production. The sea water drops from one reservoir to the other will 
convey a magnificent waterfall sense. The large-scale renewable energy infrastructure will be performed 





Figure 10.1.1  Educational Point on Bridge  
Tidal Power Educational Lobby 
The last one, Tidal Power Education Lobby is the primary educational spot in the airport 
terminal. As introduced previously, the passengers coming by subway must pass through this area. And 
also, the vertical circulation is provided, the passenger can reach to this area directly from each level, the 
tidal power turbine is exposed to the audience behind the acrylic wall. (Figure 10.1.3) In this education 
lobby, by using the transparent holographic film, there will be an educational video project on the acrylic 
glass on schedule. The educational video will briefly explain the design of the terminal; introduce how to 
interact with the building, and explain how does the tidal power work. The seating platform (Figure 
10.1.4) is provided in front of the acrylic glass, which creates a theater for the user to watch the educational 
video.  
 




Figure 10.1.3  Tidal Power Lobby Educational Point 
 
Figure 10.1.4  Tidal Power Lobby Platform 
Other educational features 
The rebound effect is always coming with the new technologies. Indeed, usually, people naturally 
react to the advanced innovated is taking it for granted. When advertising the advantage of the tidal 
power energy to the people, people might think we got the environmental issue resolved. However, to 
avoid the rebound effect as much as possible, the terminal will be equipped with a system that can give a 
quick tour of the airport terminal, also can track the activities of users on the artificial island. The system 
termination will be the mobile phone application that can be downloaded by scan the QR code at the 
terminal entrance. In the mobile app, people can learn how to interact with every building on the artificial 
island. For instance, the building will adjust the temperature and ventilation rate by the voting from the 
building user through the mobile app. The app will have a throughout bonus system to encourage the 





The word “sustainability” in architecture conveys comprehensive meanings, a Net-Zero 
architecture is an approach towards sustainability but is not enough. When people hear about 
sustainability, the first things appear in their heads are the solar panel, wind turbine, or any other building 
technologies. A net zero architecture or a sustainable architecture can be built everywhere. However, the 
metrics to judge the sustainable building is the stool of sustainability; economy, environment, and culture. 
The cost of the development discloses if it is worthy to build. The energy consumption of the building 
will tell the building performance. The last unnoticed aspect is the culture, which I think is the most 
important one. Overview the architecture in different time and generations; each architecture style carries 
its perception and thoughts. At present, a sustainable design should not only focus on the energy saving 
respects; the most powerful to achieve sustainability is influencing the occupants, let them get involved, 
change their mind and behavior.  
Dalian Jinzhou Bay International Airport does not only provide an energy and time efficient 
aviation facility, but it also satisfies the needs for physical convenience and comforts and the demands for 
the future. Additionally, it plays a role as an educational center of sustainability. The terminal provides 
an innovative space for exploring sustainable technology, educate the audience the importance of being 
sustainable, and encourage the building users to change their behaviors.   
For the long term, I expect this artificial island is not an “exhibition” to show off the sustainable 
technologies; it should be the first example of sustainability education field... I hope everyone on this 
artificial island knows that technology is only the tactic to slow down climate change an environmental 
destruction, the fundamental method to answer the challenge from nature is to respect the nature, respect 
the earth.  
Start to change the mind and behavior right away; Act as a pioneer of sustainability. If you change 
your day-to-day behaviors, you will influence your families, your friends, and your community. Put in a 






Figure 10.2.0 Dalian Jinzhou Bay International Airport Perspective 
 
Figure 10.2.1    Dalian Jinzhou Bay International Airport Perspective 
 
